The aim of this study was to investigate the effects of ovariectomy (OVX) on intestinal alkaline phosphatase (ALP) activity in rats. The calcium (Ca) and phosphorus (P) contents and the mechanical strength of bone were decreased significantly by OVX. Two kinds of mRNAs of rat intestinal ALP (RTIN-1 and RTIN-2) were detected by reverse transcription-polymerase chain reaction (RT-PCR). In OVX rats, the level of RTIN-2 mRNA was lowered significantly, while that of RTIN-1 mRNA did not change. This result was compatible with the results of enzymatic activity. This finding suggests the possibility that OVX affects bone metabolism not only directly but also in an indirect way through an intestinal Ca and/or P metabolism via regulation of intestinal RTIN-2 ALP expression.
In rats, ALP is classified into two types: tissue non-specific (liver/bone/kidney/ placenta) and intestinal (7). Two kinds of cDNA clones, RTIN-1 and RTIN-2, for rat intestinal ALP were isolated by Lowe et al (8) and Strom et al (9) , respectively. Their cDNA sequences have 79% homology at the amino acid level.
The level of serum ALP activity is high in some systemic diseases such as rickets (10), calcium deficiency (11) and diabetes (12). In rats, serum ALP is reported to mainly originate from the intestine (13) and also from bone, especially when the animal is young (14) . The high activity of intestinal ALP, which localizes at the brush border of the intestinal epithelial cells, suggests the participation of this enzyme in the transport of nutrients such as inorganic phosphate (P) and calcium (Ca) across the membrane (15, 16), but little is known about the physiological function of intestinal ALP. The increased incidence of fractures accompanying osteoporosis is a serious problem in the aged population. A common type of osteoporosis is the post menopausal bone loss associated with ovarian hormone deficiency. The balance between bone formation and resorption is regulated by the action of various hormones and growth factors. Therefore, it is important to investigate the effect of ovariectomy (OVX) on various factors related to the bone metabolism. Pre viously, we reported that OVX decreased osteogenetic activity and tissue non-specific ALP activity in rat bone (17) . A decrease in Ca absorption by the intestine in OVX rats has been reported (18). Intestinal ALP seems to have an important role in active metabolism by hydrolyzing phospho-compounds to supply free inorganic phosphate; however, a very small number of reports have been published about the effect of OVX on intestinal ALP. In this study, we attempted to examine the expression of intestinal ALP mRNAs (RTIN-1 and RTIN-2) in OVX rats by reverse transcription-polymerase chain reaction (RT-PCR) analysis.
MATERIALS AND METHODS
Experimental animals. Twelve-month-old female Wistar rats weighing 300g were used for the OVX study. The animals were divided into two groups of 6 each. Rats in one group were bilaterally ovariectomized under ether anesthesia. Those of the control group were sham-operated. The rats were then fed a low Ca diet (Ca: 0.01%, P: 0.3%, Table 1 ) for the first 42 days and then switched to a normal Ca diet (Ca: 0.3%, P: 0.3%) for 60 days. The diet and distilled water were given ad libitum to all animals, which were weighed periodically during the study. The animals were fasted overnight and sacrificed by bleeding from the abdominal aorta under anesthesia. In order to examine the effect of OVX on young animals, 6-week-old females of the Sprague-Dawley strain, weighing 140g, were also studied. They were treated similarly; however, young rats were fed a low Ca diet for the fi rst 28 days and then switched to a normal Ca diet for 28 days.
Determination of mechanical bone strength and Ca and P contents. The breaking-force of femurs dissected from the animals was determined with a 
RESULTS
Effect of OVX on 12-month-old rat bone, serum and intestine OVX caused a significant decrease in femoral bone strength as compared to the control group (Table 2) . Also, bone Ca and P contents decreased significantly after OVX. However, there was no change in the serum Ca and P levels of the OVX and sham-operated rats. These data indicate that osteoporotic changes developed in OVX rats under our experimental conditions. No differences were observed in body weight gain or food efficiency between 12-month-old OVX and sham-operated rats. The intestinal ALP activity tended to decrease in OVX rats but with no statistical significance (Table 2) . Sucrase and trehalase activities did not change as a result of OVX. Serum ALP activity showed a tendency to increase due to OVX (p<0.001).
Serum ALP isozymes
The results of inhibition and thermostability experiments on 12-month-old ratt serum and tissue ALP activities are summarized in Table 3 . Among the three inhibitors tested, L-homoarginine and levamisole did not inhibit serum or intestinal ALP activity, but L-phenylalanine inhibited both serum and intestinal ALP. In addition, the thermostability pattern of serum ALP seemed to be similar to that of liver ALP. These data suggest that serum ALP is a mixture of tissue isozymes.
Further identicfiation of the enzyme types by polyacrylamide gradient gel electrophoresis was carried out on young rats (Fig. 1 ). There were two bands (indicated by arrows "a" and "b") in the rat serum. The upper band (a) is an isozyme corresponding to the bone type ALP which lost its activity as a result of the heat treatment. The activity of this isozyme in serum seemed to increase after OVX (Fig. 1, lane 6) . RT-PCR analysis of intestinal ALP mRNA expression Intestinal ALP mRNA expression was examined by RT-PCR analysis. A 249 by product was detected by the primer set of AL7 and AL8 for RTIN-1, which was at a similar level in OVX and sham-operated rats ( Fig. 2A, lanes 1, 2) . On the other hand, the 218 bp band detected by the primer set of AL9 and AL10 for RTIN-2 decreased after OVX ( Fig. 2A, lanes 3, 4) . Because glyceraldehyde phosphate dehydrogenase (GAPDH) bands did not change due to OVX (Fig. 2B) , the decrease in RTIN-2 mRNA expression is specific for OVX. The same result was obtained in the experiment using young rats. These data coincide with the fi nding that the enzymatic activity of intestinal ALP tended to decrease in OVX rats. One of the two ALP messages, RTIN-2 expression, was suppressed by OVX, so that the total ALP activity did not dramatically decrease. digestive enzymes which are also anchored to the membrane, like ALP (33). Their enzymatic activities showed no change after OVX. Therefore, the decrease in activity caused by OVX is thought to be specific to intestinal ALP. Two types of mRNAs for intestinal ALP were examined by RT-PCR analysis. We confirmed the nucleotide sequences of the PCR products for RTIN-1 mRNA and RTIN-2 mRNA described previously (23). One of the transcripts, RTIN-2 mRNA, was found to be reduced In contrast to the intestinal ALP, serum ALP activity was rather high in OVX rats in response to estrogen deficiency. Several studies suggest that rat serum ALP originates mainly from the intestine (13) and partly from bone, especially in young rats (14) . The presence of two ALP bands was shown in the serum by electrophoresis (Fig. 1) . The enzymatic activity of the upper band (band "a"), with the same mobility as that of the enzyme extracted from bone, was lost after heat treatment. In our previous study, serum ALP activity in the OVX group was higher than that in the sham-operated group, and heat-stable type ALP was not affected by OVX (17). Elevated serum ALP activity in OVX rats may be due to an increase in bone derived ALP but not in the intestine-derived enzyme. In the case of human osteo porosis, there is a report on an increase in tissue non-specific type ALP activity (37). 
